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We claim: 



1 . A method, comprising: / 

sensing a first signal representative of electrical activity at a firetxardiac 
region, the first signal including a QRS-cardiac complex represeptative of a cardiac 
cycle sensed in the first cardiac region; X 

sensing a second signal representative of electricakactivity at a second cardiac 
region, the second signal including the QRS-cardiapxomplex as sensed in the 
second cardiac region; / 

selecting a first feature of the first sisfal, where the first feature includes a 
first portion of the QRS-cardiac^Gomplpx which is repeatably identifiable in 
subsequent QRS-cardiac coniplerag^ 

selecting a second feaUir^ftne second signal, where the second feature 
includes a second portion of>meQRS-cardiac complex which is repeatably 
identifiable in subsequent QRS-cardiac complexes; 

during a tachycardia episode, determining a time difference between the first 
feature and the second feature; 

comparing the time difference to a template time difference, where the 
template time difference is determined from the time difference between the first 
feature ana the second feature for a plurality QRS-cardiac complexes during normal 
sinus rhythm; and 

/ if the time difference exceeds the template time difference value by a 
predetermined margin, characterizing the QRS-cardiac complex as a ventricular 
tachycardia complex. 

2. The method of claim 1 , where the first pojtierfmid the second portion 
of the QRS-cardiac complex which an^rapeatably identifiable in subsequent 
QRS-cardiac complexes is a m^ximiiiiL^efl^ction of the QRS-cardiac 
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complex. 
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The method of claim 2, including: 

for the plurality of QRS-cardiac complexes sensed during" normal sinus 
rhythm, determining a first median signal amplitude for the fjret feature 
relative a baseline signal of the first signal, and a second nrtedian signal 
amplitude for the second feature relative a baseline sigml of the second signal; 

for the QRS-cardiac complex, determining a/first signal amplitude for 
the first feature relative the baseline signal of the/first signal and a second 
signal amplitude for the second feature relatival the baseline signal of the 
second signal; and 

when either the first signal amplitude exceed the first median signal 
amplitude by a predetermined amount/or the second signal amplitude exceed 
the second median signal amplitudes by the predetermined amount, 
characterizing the QRS-cardiac complex as a ventricular tachycardia complex. 




The method of claim Inhere the first portion and the second portion 
of the QRS-cardiac complex which are repeatably identifiable is a 
predetermined deviation of the first signal from a baseline signal of the first 
signal and of the secpnd signal from a baseline signal of the second signal 
indicating a begimflng of the QRS-cardiac complex. 



The method of claim 1, where the first portion and the second portion 
of the QRS-cardiac complex which are repeatably identifiable is a return of 
the first signal to a baseline signal of the first signal within a predetermined 
time window and of the second signal to a baseline signal of the second signal 
for the/predetermined time window, indicating an ending of the QRS-cardiac 
complex. 
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6. The method of claim 1 , where the first portion and the second portion 
of the QRS-cardiac complex which are repeatably identifiable in suj>sequent 
QRS-cardiac complexes is a region having the largest slope along the QRS- 
cardiac complex. / 

7. The method of claim 1, where sensing the first signal includes sensing 
the electrical activity with a far-field sensing channel, and sensing the second 
signal includes sensing the electrical activity with4 near-field sensing 
channel. / 

8. The method of claim 7, determining the time difference includes 
determining the time difference betwejm a maximum deflection along the first 
signal and a region having the largest slope along the second signal. 

9. The method of claim 1 /including recalculating the template time 
difference when the templatp time difference has a variability of greater than 
20 percent. \/\ 

1 0. The method of claim 1 , including: 

during a tachycardia episode, sensing the first signal and the second 
signal for a plurality of QRS-cardiac complexes; 

deterrpning a percentage of ventricular tachycardia complexes in the 
plurality of/QRS-cardiac complexes; and 

applying therapy for treating a ventricular tachycardia when the 
percenjtage of ventricular tachycardia complexes exceeds a predetermined 
percentage threshold. 

11. / The method of claim 1 0, where the predetermined percentage 
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threshold is 50 percent. 



1 2 . The method of claim 1 , including characterizing the QRS-cara i ac 

complex as a ventricular tachycardiac complex when the time difference 
exceeds the template time difference value by approximately 10/milliseconds. 
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13. The method of claim 1, including: 

determining a first normal sinus rhythm (NSR) representative complex 
and a second NSR representative complex from the plurality QRS-cardiac 
complexes sensed during NSR; and 

if the time difference is less than the template time difference value, 
comparing the morphology of the QRS-cardi$e complex sensed in the second 
signal to the morphology of the second NSR representative complex to 
determine whether the QRS-cardiacyQsHjaplex is a ventricular tachycardia 
complex. 




1 4. The method of claim 1 3, includj 

if the time difference is less than the template time difference value, 
comparing the morphology/ of the QRS-cardiac complex sensed in the first 
signal to the morphology of the first NSR representative complex to determine 
whether the QRS-cardiac complex is a ventricular tachycardia complex. 



1 5. The method of claim 13, including: 

positioning the QRS-cardiac complex, as sensed in the first signal and 
the second signal, and the first NSR representative complex and the second 
NSR representative complex in a comparison window; 

ligning the first portion of the QRS-cardiac complex sensed in the 
first signal with the first portion of the first NSR representative complex in the 
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comparison window; and / / 

comparing the morphology of the QRS-cardiac Comdex as sensed in 
the second signal to the morphology of the second NSR Representative 
complex to determine whether the QRS-cardiac complex is a ventricular 
tachycardia complex. 
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16. The method of claim 1, including: 

determining a first normal sinus rhythm (NSR) representative complex 
and a second NSR representative comp^x from the plurality QRS-cardiac 
complexes sensed during NSR; and 

if the time difference is less than the template time difference value, 
comparing the morphology of me QRS-cardiac complex sensed in the first 
signal to the morphology of the first NSR representative complex to determine 
whether the QRS-caraiac complex is a ventricular tachycardia complex. 



1 7. The method of claim 
positioning 



including: 

QKS^ardiac complex, as sensed in the first signal and 
the second signal/ and the first NSR representative complex and the second 
NSR representative complex in a comparison window; 

aligning the first portion of the QRS-cardiac complex sensed in the 
second signal with the first portion of the second NSR representative complex 
in the comparison window; and 

Dmparing the morphology of the QRS-cardiac complex as sensed in 
the fi/st signal to the morphology of the first NSR representative complex to 
determine whether the QRS-cardiac complex is a ventricular tachycardia 
co/nplex. 



1 8. /The method of claim 1 , including: 
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selecting one or more features of the first signal where each of the one of more 
features include a first portion of the QRS-cardiac complex which is repeatably 
identifiable in subsequent QRS-cardiac complexes; 

selecting one or more features of the second signal, where eacK of the one or 
more features include a second portion of the QRS-cardiac complex which is 
repeatably identifiable in subsequent QRS-cardiac complexes 

creating a comparison template from normal sinus rhythm complexes, where 
the comparison template has a plurality of values derived from the one or more 
features on the first signal and the second signal of^ne normal sinus rhythm 
complexes; 

determining the plurality of values derived from the one or more features of 
the first signal and the one or more featurp£ of the second signal of the QRS-cardiac 
complex; 

comparing each of the plurality of values of the cardiac complex to each 
corresponding value in the comparison template; and 

if one or more of the plurality of values of the cardiac complex exceed the 
corresponding value in the ionj^mson template by a predetermined margin, 
characterizing the QRS-<^rai^c complex as a ventricular tachycardia complex. 

19. The m/thod of claim 1, including 

sensing a third signal representative of electrical activity at a third cardiac 
region, the thirp signal including a QRS-cardiac complex representative of a cardiac 
cycle sensed/in the third cardiac region; 

selecting one or more features of the first signal where each of the one or more 
features/include a first portion of the QRS-cardiac complex which is repeatably 
identifiable in subsequent QRS-cardiac complexes; 

selecting one or more features of the second signal where each of the one or 
/ore features include a second portion of the QRS-cardiac complex which is 
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repeatably identifiable in subsequent QRS-cardiac complexes; 

selecting one or more features of the third signal, where each of the ofie or 
more features include a third portion of the QRS-cardiac complex whictns 
repeatably identifiable in subsequent QRS-cardiac complexes; 

creating a comparison template from normal sinus rhythm (jmnplexes, where 
the comparison template has a plurality of values derived fronvtiie one or more 
features on the first signal, the second signal and the third signal of the normal sinus 
rhythm complexes; 

determining the plurality of values derived fronythe one or more features of 
the first signal, the one or more features of the second signal and the one or more 
features of the third signal of the cardiac comple 

comparing each of the plurality of values of the cardiac complex to each 
corresponding value in the comparison ternf late; and 

if one or more of the plurality of jyahu s of the cardiac complex exceed the 
corresponding value in the comparison template b^a predetermined margin, 
characterizing the QRS-cardiac complexes a ventricular tachycardia complex. 



20. The method of claim 19; including deriving the plurality of values from time 
differences between the onp or more features on the first signal, the second signal 
and the third signal. 



21. A method, comprising: 

sensing a first signal representative of electrical activity at a first 
cardiac region, the first signal including a QRS-complex representative of a 
cardiac cycle sensed in the first cardiac region; 

/sensing a second signal representative of electrical activity at a second 
cardiac region, the second signal including the QRS-complex as sensed in the 
second cardiac region; 
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determining a first slope of the first signal; / 
determining a second slope of the second signal; / 
determining a representative slope for the first signal fona plurality of 
normal sinus rhythm complexes; / 

determining a representative slope for the second^ignal for the 
plurality of normal sinus rhythm complexes; / 

during a tachycardia episode, comparing the first slope for a QRS- 
cardiac complex to the representative slope for/tne first signal and comparing 
the second slope for the QRS-cardiac comoj^x to the representative slope for 
. the second signal; and / 

when the first slope is less than the representative slope for the first 
signal by a predetermined amountor the second slope is less than the 
representative slope for the second signal by the predetermined amount, 
characterizing the QRS-cardjac complex as a ventricular tachycardia complex. 



22. The method of claim/ 
first signal, and the secom 



2 1L where the first slope is a maximum slope along the 
maximum slope along the second signal. 



^ where tf 
otoe is tiiei 



23. The method o/ claim 21, where the predetermined amount is greater than or 
equal to 20 percer 



24. A method, comprising: 

sampling a first signal representative of electrical activity at a first 
cardiac region; 

sampling a second signal representative of electrical activity at a 
^econd cardiac region, where the first signal and the second signal are sensed 
'using different cardiac sensing channels; 
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selecting a first feature of the first signal, where a selection chorion is 
used to identify the first feature; 

selecting a second feature of the second signal, where th/selection 
criterion is used to identify the second feature; 

for a plurality of normal sinus rhythm complexesydetermining a 
median signal amplitude for the first feature relative a.oaseline signal of the 
first signal, and a median signal amplitude for the ^cond feature relative a 
baseline signal of the second signal; 

during a tachycardia episode, determining a signal amplitude for the 
first feature relative the baseline signal of me first signal and the second 
feature relative the baseline signal of t^e second signal for a cardiac complex; 
and 

when the signal amplitude/for the first feature exceeds the median 
signal amplitude for the first fegtture by a predetermined amount or the signal 
amplitude of the secondfeaWre exceeds the median signal amplitude for the 
second feature by the preaetermined amount, characterizing the cardiac 
complex as a ventricular fachycardia complex. 

25. The methodorclaim 24, where the selection criterion is determining a 

maximum deflection of the first signal and the second signal. 



26. The/method of claim 24, including redetermining the median signal 

ampUtude'for the first feature and the median signal amplitude for the second 
feature when either the median signal amplitude for the first feature or the 
median signal amplitude for the second feature have a variability of greater 
tharf 20 percent. 



27. 



The method of claim 24, including: 
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sampling a plurality of cardiac complexes; 

determining a percentage of ventricular tachycardia complexe^/fn the 
plurality of cardiac complexes; and 

applying therapy for treating a ventricular tachycardia wjtfen the 
percentage exceeds a predetermined percentage threshold. 

28. The method of claim 27, where the predetermined percentage 
threshold is 50 percent. 

29. A system, comprising: 

at least one catheter; 

a sensing system attached to the at/least one catheter; and 
a control system attached to the/sensing system, where the control 
system monitors a first signal and a second signal for cardiac complexes; 

a morphology anal^er cir/mit coupled to the control system, where the 
:x i A£ tes a gj-st f ea ture on the first signal and a 



morphology analyzer circuit lc 
second feature on the second, 
a signal feature c 



al; 

pafisoireircuit coupled to the morphology analyzer 
circuit, where the signal/feature comparison circuit determines a time 
difference between the first feature and the second feature on a tachycardia 
complex and compares the time difference to a template time difference 
determined from me time difference between the first feature and the second 
feature for a plurality of cardiac complexes sensed during normal sinus 
rhythm; and 

where the control system designates the tachycardiac complex as a 
ventricular tachycardia complex when the time difference exceeds the 
template time difference by a predetermined margin. 
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30. The system of claim 29, where the morphology analyzer circuit/locates 

the first feature at a maximum deflection of the first signal and locates the 
second feature at a maximum deflection of the second signal. 
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32. 



The system of claim 30, where the control systemydetermines a first 
median signal amplitude of the first feature relative a baseline signal for the 
first signal for the plurality of complexes sensed during normal sinus rhythm 
and a second median signal amplitude of the second feature relative a baseline 
signal for the second signal for the plurality 91 complexes sensed during 
normal sinus rhythm; 

the morphology analyzer circuit/fletermines for the tachycardiac 
complex a first signal amplitude for the first feature and a second signal 
amplitude for the second feature; and 

the control system designates the tachycardiac complex as a 
ventricular tachycardia complex when the signal feature comparison circuit 



determines either the first si 
amplitude by a predetermi; 



il amplitude exceeds the first median signal 
iouirtx>r the second signal amplitude exceeds 



the second median signal amplitude by the predetermined amount. 

The system of claim 29, where the morphology analyzer circuit locates 
the first feature/at a beginning of the tachycardiac complex as indicated by a 
predetermine^ deviation of the first signal from a baseline signal of the first 
signal and locates the second feature at the beginning of the tachycardiac 
complex as indicated by the predetermined deviation of the second signal 
from a baseline signal of the second signal. 



33. / The system of claim 29, where the morphology analyzer circuit locates 
th^ first feature at an ending of the tachycardiac complex as indicated by a 



54 



Attorney Docket # 279.084US1 

return of the first signal to a baseline signal of the first signal within 
predetermined time window and by a return of the second signal tcya. baseline 
signal of the second signal for the predetermined time period. 

34. The system of claim 29, where the morphology analyzer circuit locates 
the first feature at a region having the largest slope along first signal and the 
second feature at the region having the largest slope along the second signal. 

35. The system of claim 29, where the sensing system includes a far-field 
sensing channel through which the first signal is received and a near-field 
sensing channel though which the second Signal is received. 



36. The system of claim 35, where the morphology analyzer circuit locates 

the first feature at a maximum deflection of the first signal and locates the 
second feature at the regioj^avjng the largest slope along the second signal; 
and 

arisori circuit determines a time difference 
cond feature on the tachycardia complex 
and compares the time .difference to the template time difference determined 
from the time difference between the first feature and the second feature for 
the plurality of complexes sensed during normal sinus rhythm. 



the signal feature p 
between the first feature 



37. The sy/tem of claim 29, where the control system monitors the first 

signal and the second signal for cardiac complexes sensed during a 
tachycardia episode, and the control system determines a percentage of 
tachycardia complexes designated as ventricular tachycardia complexes. 



38. 



The system of claim 29, where the template time difference is 
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approximately 10 milliseconds. 



39. 



The system of claim 29, including a template generator attached to the 



control system, where the template generator determines a first representative 
normal sinus rhythm (NSR) signal and a second representative NSK signal from the 
plurality cardiac complexes sensed during NSR; and / 

when the signal feature comparison circuit determines^uie time difference is 
lower than the template time difference value, the template generator compares the 
morphology of the first signal to the morphology of we first representative NSR 
signal and the morphology of the second signal ta^ne morphology of the second 
representative NSR signal to determine whether he tachycardia complex is a 
ventricular tachycardia complex. / 

40. The system of claim where the template generator aligns the first 
feature on the first signal with thirst feature on the first representative NSR signal, 
and compares the morphology 6t th^teecond signal to the morphology of the second 
representative NSR signal t^ettmin^whether the tachycardiac complex is a 
ventricular tachycardia complex. 

41 . The system of claim 39, where the template generator aligns the 
second feature on the second signal with the second feature on the second 
representative NSR signal, and compares the morphology of the first signal to the 
morphology of the first representative NSR signal to determine whether the 
tachycardiac complex is a ventricular tachycardia complex. 

42. The/system of claim 39, where 

the morphology analyzer circuit locates one or more features of the first 
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signal, which include a first portion of the cardiac complex which is repeatabh 
identifiable in subsequent cardiac complexes, and locates one or more feahires of the 
second signal, which include a second portion of the cardiac complex \yhich is 
repeatably identifiable in subsequent cardiac complexes; 

the template generator generates a comparison template frp& cardiac 
complexes sensed during normal sinus rhythm, where the comparison template has a 
plurality of values derived from the one or more features on the first signal and the 
second signal, and for the tachycardia complex the template generator determines 
the plurality of values derived from the one or more/features of the first signal and 
the one or more features of the second signal andxompares each of the plurality of 
values of the tachycardia complex to each corresponding value in the comparison 
template; and 

the control system designates thelichycardiac complex as a ventricular 
tachycardia complex when one or more of the plurality of values of the tachycardia 
complex exceed the corresponding value in the comparison template by a 
predetermined margin. 



43. The system 

comparison template 



fcpm 42, where the template generator generates the 
tiiflfc differences between the one or more features on the 



first signal and the second signal. 

44. The systeirr of claim 42, where 

the morphology analyzer circuit locates one or more features of a third signal, 
where each of the one or more features include a third portion of the cardiac 
complex which is repeatably identifiable in subsequent cardiac complexes; 

the/template generator generates a comparison template from cardiac 
complexes sensed during normal sinus rhythm, where the comparison template has 
the plurality of values derived from the one or more features on the first signal, the 
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second signal, and the third signal, and for the tachycardia complex the temptate^^ 
generator determines the plurality of values derived from the one or mprtfteatures of 
the first signal, the one or more features of the second signal anjWie one or more 
features of the third signal, and compares each of the plurality of values of the 
tachycardia complex to each corresponding value irrfne comparison template; and 

the control system designates the tachydirdiac complex as a ventricular 
tachycardia complex when one or/mote^of the plurality of values of the tachycardia 
complex exceed the corresponding \raW in the comparison template by a 
predetermined margin. / ^ 

45. The system of claim 44, where the template generator generates the 
compaji^on template from time differences between the one or more features on the 
firefsignal, the second signal and the third signal. 




